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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F13 
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

d.  SUBSYSTEM: UPS e. HAZARD GROUP: 
Contamination, Explosion, 
Fire 

f. DATE: May 22, 2006 

i. HAZARD CATASTROPHIC X
g.  HAZARD TITLE: Battery Failure (Leakage/Rupture) 

CATEGORY: CRITICAL  
h.  APPLICABLE SAFETY REQUIREMENTS: NSTS 1700.7B and ISS Add.  200.4a, 201.3 209.1 213.2 

j.  DESCRIPTION OF HAZARD: 

Rupture of Battery, release of electrolyte, accumulation of evolved gases can result in 
explosion, contamination and fire.   
 
Each of the UPS batteries is composed of eight Yardney Lithion NCP25-3 cells wired in 
series. 
 

k. CAUSES 

(list) 

1.  Shorting, Internal & External 
2.  Overcharging/Overvoltage Of Cells 
3.  Cell Reversal/Overdischarge 
4.  Excessive Internal Pressure 
5.  Thermal Extremes 
6.  Accumulation Of Hazardous Gases 
7.  Release/Leakage Of Electrolyte 
 

 o.  APPROVAL PAYLOAD ORGANIZATION SSP/ISS 

  PHASE I   

  PHASE II   
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  PHASE III   

l. HAZARD CONTROL (CONTROL), m. SAFETY VERIFICATION METHODS (SVM), n. STATUS OF VERIFICATIONS (STATUS) OPS 
CONTROL 

1.  CAUSE:  Shorting, Internal & External  

1.1 CONTROL:  The Lithion NCP25-3 cells are designed to minimize the potential for internal shorting between the layers 
of electrodes that comprise the cell.   
 1.1.1 SVM:  Qualification and Flight Screening of Li-ion Cells for the AMS 
   (4.8 Vibration Testing) 
   (5.2 Vibration Screening) 
 1.1.2 SVM:  Qualification and Flight Screening of Li-ion Batteries for the AMS 
   (4.6 Vibration Testing) 
   (5.2 Vibration Testing) 
 1.1.1 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 

 1.1.2 STATUS:  Open 

 

NOTE:  Parenthetical references within the SVM are to specific paragraphs in the Statement of Work for the Alpha 
Magnetic Spectrometer –01 (AMS-02) Uninterruptible Power Source (UPS) Appendices:  Appendix A, Qualification and 
Flight Screening of Li-ion Cells for the AMS, Appendix B, Qualification and Flight Screening of Li-ion Batteries for the 
AMS 

 

1.2 CONTROL:  The Lithion NCP25-3 cells are designed to sustain external shorts without inducing thermal runaway or 
other hazardous effects.  
 1.2.1 SVM:  Qualification and Flight Screening Of Li-ion Cells for the AMS 
   (4.5 External Short Circuit Testing) 
 1.2.2 SVM: Qualification and Flight Screening Of Li-ion Batteries for the AMS 

 



 

A
.13-3 

JSC
 49978

PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F13 
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 
   (4.4.2 External Short Circuit Testing) 
 1.2.1 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 

 1.2.2 STATUS:  Open 

1.3 CONTROL:  The BMS is designed to provide two levels of protection against external shorts by measuring current 
output of the battery.  One of these is located in the BMS firmware control and the other is a discrete hardware 
circuit, independent of the firmware.  In the event of a detected overcurrent (such as short) the BMS will isolate the 
battery removing it from the circuit.  

 1.3.1 SVM:  Functional testing of the BMS protection circuitry. 
 1.3.1 STATUS:  Closed.  REFERENCE TBD 

 

1.4 CONTROL:  Interconnecting wires to the Lithion NCP25-3, wiring the batteries in series and connecting the cells to the 
battery management system (BMS) are soldered in place or screwed in place with terminal lugs and potted to insulate and 
further secure the connections in place. 
 1.4.1 SVM:  Review of Design 
 1.4.2 SVM:  Inspection of as built hardware 
 1.4.1 STATUS:  Open 
 1.4.2 STATUS:  Open 

 

1.5 CONTROL:  The interior surfaces of the battery box are treated to have a non-conductive coating to preclude any 
potential shorts to the case.  Conductive surfaces that are alodined to provide grounding and bonding surfaces are 
inaccessible once assembly is complete. 
 1.5.1 SVM:  Review of Design 
 1.5.2 SVM:  Inspection of as built hardware 
 1.5.1 STATUS:  Open 
 1.5.2 STATUS:  Open 
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2. CAUSE:  Overcharging/Overvoltage Of Cells  

2.1 CONTROL:  The Lithion NCP25-3 cells are designed to tolerate limited overcharging without inducing thermal 
runaway or other hazardous effects.   
 2.1.1 SVM:  Qualification Of Li-ion Cells for the AMS 
   (4.3.1 Over Voltage Testing)    
   (4.3.2 Fast Charge) 
   (4.3.3 Over Voltage Testing)  
 2.1.1 STATUS: Closed.  Reference Lithion document L1135-05, Qualification Test Report for the Alpha 

Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-ion Cells Per 
LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005.  Test 4.3.1 Over Voltage Testing, demonstrated 
the threshold limit for over-voltage. 

 

2.2 CONTROL:  The battery management system (BMS) will monitor each cell during battery charging.  The BMS is 
designed to provide two levels of protection against overvoltage by measuring voltage state of the battery.  One of these is 
located in the BMS firmware control and the other is a discrete hardware circuit, independent of the firmware.  If an over 
voltage condition occurs a voltage comparator will detect and engage a shunt that will bypass the charging current and 
partially discharge the cell. 
 2.2.1 SVM:  Review of Design 
 2.2.2 SVM:  Qualification Of Li-ion Batteries for the AMS 
   (4.3 Over Voltage Testing) 
 2.2.3 SVM:  Functional Testing of cell overcharge/overvoltage circuitry. 
 2.2.1 STATUS:  Open 
 2.2.2 STATUS:  Open 
 2.2.2 STATUS:  Closed. REFERENCE TBD 

 

2.3 CONTROL:  The battery management system provides a circuit to control the charging cycle that will shut down 
charging operations if a overvoltage condition persists or a thermal sensor measures an over temperature condition for a 
cell. 
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 2.3.1 SVM:  Review of Design 
 2.3.2 SVM:  Functional testing of battery overcharge circuitry. 
 2.3.1 STATUS:  Open 
 2.3.2 STATUS:  Closed. Reference Lithion document LiTP-6238, Rev. A, Dated January 2006. 

3. CAUSE:  Cell Reversal/Overdischarge  

3.1 CONTROL:  The Lithion NCP25-3 cells are designed to accommodate cell reversal to 150% of original charge capacity 
without rupture, thermal runaway or other hazardous effect. 
 3.1.1 SVM:  Qualification Of Li-ion Cells for the AMS 
   (4.4.2 Fast Discharge) 
   (4.4.3 Discharge Series Combination) 
 3.1.2 SVM:  Qualification Of Li-ion Batteries for the AMS 
   (4.4.1 Discharge into Reversal) 
 3.1.1 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 

 3.1.2 STATUS:  Open 

 

3.2 CONTROL:  The BMS is designed to provide two levels of protection against overdischarge by measuring voltage state 
of the battery.  One of these is located in the BMS firmware control and the other is a discrete hardware circuit, independent 
of the firmware.  
 3.2.1 SVM:  Review of Design 
 3.2.2 SVM:  Functional Testing of BMS Protection Circuitry 
 3.2.1 STATUS:  Open 
 3.2.2 STATUS:  Closed. REFERENCE TBD. 

 

3.3 CONTROL:  The BMS monitors cell operations using thermal sensors and charge/discharge rate to operate a MOSFET 
to inhibit BMS output.  
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 3.2.1 SVM:  Review of Design 
 3.2.2 SVM:  Functional Testing of BMS Protection Circuitry 
 3.2.1 STATUS:  Open 
 3.2.2 STATUS:  Closed. REFERENCE TBD 

4. CAUSE:  Excessive Internal Pressure  

4.1 CONTROL:  The Lithion NCP25-3 cells are constructed with the inclusion of a burst disk that will relieve internal 
pressures at 350 ± 50 psid according to the manufacturer’s certification.  Lithion installation of the burst disks has been 
shown to lower the actual burst value consistently to 200 ± 50 psid.  Testing of the cell cases without burst disks establish a 
burst pressure in excess of 1000 psid.  Any vented products will be vented to the interior of the UPS box which is vented to 
exterior environments. 
 4.1.1 SVM:  Qualification Of Li-ion Cells for the AMS 
   (4.7 Heat to Vent test) 
   (4.9 Vent Burst Pressure Test) 
 4.1.2 SVM:  Cell Manufacturer testing of bursting pressure of cell enclosure and burst disks. 
 4.1.3 SVM:  Inspection of battery cells for installation of burst disks 
 4.1.4 SVM:  Inspection of battery box for venting paths  
 4.1.1 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 

 4.1.2 STATUS:  Closed. REFERENCE TBD 
 4.1.3 STATUS:  Open 
 4.1.4 STATUS:  Open 

 

5. CAUSE:  Thermal Extremes  

5.1 CONTROL:  The worst case thermal environment for the AMS-02 UPS has been assessed to be -50 °C to 50 °C 
(operational maximum and non-operational minimum).  Minimum operational temperature is -25 °C.  Manufacturer data 
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has indicated cell survival at temperatures as low as -65 °C and safe operation at 120 °C.  Qualification testing will 
demonstrate cell performance and safety to –25°C to 40°C. UPS Battery Testing will demonstrate battery performance and 
safety -25º to 50º C.  The AMS-02 UPS does not utilize any heaters to maintain thermal conditioning. 
 5.1.1 SVM:  Qualification Of Li-ion Cells For the AMS 
   (4.2 Thermal Environment Test) 
   (4.10 Thermal Cycle (–35°C to 40°C)) 
 5.1.2 SVM:  Qualification and Flight Screening Of Li-ion Batteries For the AMS 
   (4.2 Thermal Environment Test) 
   (4.11 Thermal Vacuum Testing) 
   (5.5 Thermal Vacuum Testing)  
 5.1.3 SVM:  Manufacturer Testing to -65 °C (Non-operational testing) 
 5.1.1 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 

 5.1.2 STATUS:  Open 
 5.1.3 STATUS:  Closed.  Manufacturer communication of test results by email on June 30, 2005 indicating that 

worst case effect is “salting out” of electrolyte, which is a reversible non-hazardous phenomenon. 

6. CAUSE:  Accumulation Of Hazardous Gases  

6.1 CONTROL:  The chemistry of the Lithion NCP25-3 Li-ion cells does not evolve hazardous (explosive) gases as a 
consequence of nominal operations and charging.  Evolution of pressurized gasses sufficient to rupture the burst disk are 
possible by vaporizing the electrolyte by raising the cell temperature beyond predicted thermal extremes and failure cases.  
As noted in previous controls, multiple faults are required to create this condition.  In off nominal conditions the Lithion 
NCP25-3 may evolve small quantities of Carbon Monoxide, Carbon Dioxide, Water, Methane, Ethane and other primary 
hydrocarbons.  The non-resettable burst disk will vent these gases when they exceed the disk burst pressure of 200 ± 50 
psid.  Nominal internal pressure is 1 atm absolute.  
 6.1.1 SVM:  Review of Battery Design 
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 6.1.2 SVM:  Qualification Program for cells 
 6.1.1 STATUS:  Open 
 6.1.2 STATUS:  Open 

7. CAUSE:  Release/Leakage Of Electrolyte  

7.1 CONTROL:  The Lithion NCP25-3 cell design does not utilize free electrolyte.  The cell enclosure is designed as a 
pressurized container and will contain the contents to a pressure of 350 ± 50 psid.  Nominal internal pressure is 1 atm 
absolute. 
 7.1.1 SVM:  Review of cell design 
 7.1.2 SVM:  Qualification and Flight Screening Of Li-ion Cells for the AMS 
   (3.2 Electrochemical Characteristics) 
   (3.3 Charge Discharge Cycle) 
   (3.4 Vacuum Leak Test) 
   (4.9 Vent and Burst Pressure Test) 
   (4.10 Thermal Cycle Test) 
   (5.2 Vibration Test)  
 7.1.3 SVM:  Qualification and Flight Screening Of Li-ion Batteries for the AMS 
   (3.2 Electrochemical Characteristics) 
   (3.3 Charge Discharge Cycle) 
   (3.4 Vacuum Leak Test) 
   (4.7 Thermal Vacuum Test) 
   (5.2 Vibration Test) 
   (5.5 Thermal Vacuum Test) 
 7.1.1 STATUS:  Open 
 7.1.2 STATUS:  Closed.  For Qualification, reference Lithion document L1135-05, Qualification Test Report for 

the Alpha Magnetic Spectrometer-02 (AMS-02) Uninterruptible Power Source (UPS) NCP25-3 Lithium-
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ion Cells Per LiTP-6208 Test Dates 1~05 to 2/17/05, Rev. -, Dated 3/11/2005. 
 7.1.3 STATUS:  Open 

NOTES: 
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ACRONYMS 

°C – Degrees Centigrade (Celsius) MOSFET – Metal Oxide Semiconductor Field Effect Transistor 

AMS-02 – Alpha Magnetic Spectrometer - 02 Ni – Nickel 

atm – atmosphere O – Oxygen 

BMS – Battery Management System P – Phosphorous  

Co – Cobalt psi – Pounds per Square Inch 

F – Fluorine psid – Pounds per Square Inch Differential 

Li – Lithium PVDF - Polyvinylidene fluoride 

M – Molar UPS – Uninterruptible Power Supply 

mil – thousandth’s of an inch  
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AMS NCP25-3 Cell (8 cells in AMS-02 UPS) 
 
Cathode 

•  0.001” thick Al Foil Substrate 
•  LiNi1-xCoxO2 Active Material 
•  Carbon Diluents 
•  PVDF Binder 

 
Anode 

•  0.0005” thick Cu Foil Substrate 
•  MCMB 6-28 Active Material 
•  Carbon Diluent 
•  PVDF Binder 
•  Adhesion Promoter 

 
Electrolyte 
1M LiPF6 in 1:1:1:2 EC/DMC/DEC/EMC 
 
SETELA (Tonen) E20 Polyethylene Separator 
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AMS NCP25-3 Cell Construction (Note:   Pressure value for burst disk modified by installation to 200 psid) 
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INTERNAL CONSTRUCTION EXTERIOR INSULATION 

Lithion AMS NCP25-3 Cell Construction 
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UPS Lithion Cell Support Structure 
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Lithion Cell MSDS 
Note that the 50°C limit is a performance limit, not safety failure value. 
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UPS Battery Box Construction Interior View 
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UPS Battery Box Exterior View
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